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Left ventricular aneurysms (LVAs) occur in up to 40% 
of patients after myocardial Most LVAs 
are caused by occlusion of the coronary arteries, most 
frequently the left anterior descending coronary artery, 
and are located in the anteroapical region of the left 
ventricle. They appear as circumscribed, noncontrac- 
tile areas of tissue that can be identified by systolic 
thinning of the infarcted area of myocardium. Occasion- 
ally, LVAs result from trauma, nonspecific myocarditis, 
bacterial endocarditis, or congenital malformations of 
the heart. 
Whether to treat a patient with an LVA medically or 
surgically depends on the status of left ventricular 
function and on the severity of symptoms. Patients with 
LVAs usually have (in order of frequency) congestive 
heart failure (with or without angina), thromboembo- 
lism, and ventricular tachyarrhythmias. In patients 
with severe symptoms and medically intractable heart 
failure or angina, surgery is the only option. In most 
patients, symptoms and prognosis can be improved by 
repairing the aneurysm and, when necessary, by per- 
forming concomitant coronary artery bypass or valve 
repair. The goal of treatment is to restore normal filling 
volume and normal geometric chamber configuration. 
Until cardiopulmonary bypass became a reality, few 
attempts were made to correct left ventricular aneu- 
rysms. Soon after the introduction of cardiopulmonary 
bypass, however, we reported the first successful repair 
of a ventricular a n e ~ r y s m . ~  In that procedure, we 
dissected the adherent parietal pericardium from the 
aneurysmal surface and then completely excised the 
aneurysm, trimming the edges back to the functional 
myocardium. Since then, we have used a variety of 
other techniques to repair ventricular aneurysms, in- 
cluding plication, septoplasty with plication, patches, 
septa1 patches, and overlapping and felt buttre~ses.~ 
Although these methods were satisfactory, each pro- 
duced either distortion, papillary dysfunction, or com- 
promised ventricular volume. In 1988, I tried a new 
method of repair in a few patients whose ventricular 
aneurysms were so large that repair by excision would 
have left too little normal myocardium to restore 
ventricular function. This technique of intracavitary 
repair, which I called ventricular endoaneurysmorrha- 
phy, differed from earlier techniques I had used4q5 and 
from similar techniques used by  other^.^.^ 
Our results (detailed later) were excellent, and as our 
experience broadened, we began to use the endoaneurys- 
morrhaphy technique on even the highest-risk patients 
with good results. Furthermore, we found that endoan- 
eurysmorrhaphy could be easily adapted to any situa- 
tion where active myocardium was present. We now 
prefer this technique over any other. This report will 
detail the different indications and techniques of intra- 
cavitary repair that we use in the treatment of left 
ventricular aneurysms. 
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SURGICAL TECHNIQUE 
1 We use a standard median sternotomy inci- 
sion to expose the heart.R The ascending aorta is 
cannulated for arterial inflow, and the right 
atrium is cannulated for venous return. Moder- 
ate general body hypothermia is induced at 28°C 
to 32"C, after which the heart is arrested by 
using 500 mL of a 4°C crystalloid solution, which 
contains 20 mEq of potassium chloride. A large- 
bore needle is used to inject the cardioplegic 
solution into the aorta and then to aspirate the 
heart continuously during repair. 
The epicardial surface of the left ventricle is 
dissected from any pericardial adhesions. A 
longitudinal incision is made over the apex and 
the thinnest portion of the aneurysm, parallel to 
the interventricular groove. After the aneurys- 
mal cavity is opened, any thrombus, which is 
found in about 50% of patients, should be 
removed. Blood i s  then evacuated from the 
ventricle, which makes identifying the extent of 
fibrosis easier. A transition zone wit1 be appar- 
ent between the more normal, maroon-colored 
myocardium and the whitish, fibrous area of 
scar tissue. (Reprinted with permission.8) 
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2 Onre the defect is identified, the surgeon 
should determine the optimal size and shape of 
the patch needed to restore the normal geomet- 
ric dimensions and volume to the ventricle. An 
elliptical patch of woven Dacron is then tai- 
lored to fit the defect. The patch is secured by 
2-0 or 3-0 continuous polypropylene sutures 
into the firm, fibrous tissue. (Reprinted with 
permission .x) 
3 Although some other surgeons use pericardial 
patches preserved in glutaraldehyde, we prefer to 
use a Dacron patch unless the aneurysm is very 
large. We use Dacron patches for several reasons. 
First, Dacron patches cost less (four times less at 
our institution) than pericardial patches. In addi- 
tion, we have not observed an increased rate of 
infection, degeneration, or calcification with Da- 
cron patches, possibilities that are more likely to 
occur with biological pericardial patches. (Re- 
printed with permission.x) 
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4 Finally, the ventriculotomy is repaired by using continuous 2-0 
or 3-0 suture. Although we originally used felt strips to buttress the 
repair, we discontinued that practice after one patient developed an 
infected suture line and after we realized that the suture line is not 
subject to intracavitary pressure. Felt strips can also become 
fibrotic, and none of our patients has developed complications 
related to use of direct sutures to close the ventriculotomy. In 
making the repair, it is important to avoid crossing the interventricu- 
lar groove and the left anterior descending coronary artery, even 
when the artery is diseased or occluded. In most patients, we have 
bypassed the arterial occlusion with an internal mammary artery. 
Air should be evacuated from the left ventricle before the aortic 
cross clamp is released and coronary flow is restored. (Reprinted 
with permission from Cooley DA: Ventricular endoaneurysmorrha- 
phy: results of an improved method of repair. Tex Heart Inst J 
16:72-75, 1989.) 
5 If coronary artery bypass is indicated, it is performed after 
the aneurysm is repaired, either with an internal mammary artery 
pedicle (shown here) or a saphenous vein graft. In any case, 
complete revascularization should always be performed. Even in 
the presence of septa1 wall dysfunction, the left anterior descending 
and diagonal arteries should be bypassed. 
INTRACAVITARY REPAIR OF LVAS 155 
Calcified- 
Ventricular 
Aneurysm 
6 Ventricular endoaneurysmorrhaphy is especially well suited for repair of calcified 
aneurysms,' which are difficult to repair by excision. Before our use of endoaneurysmorrhaphy, 
we seldom operated on these lesions. The results were not good, and we knew that the typical 
paradoxical contraction patterns, which we were correcting in the standard repair, did not 
occur in the calcified sacs of these aneurysms. However, the abnormally swirling blood in the sac 
still impaired ejection fraction and often caused stagnation and thrombosis. With intracavitary 
repair, we have been consistently able to operate successfully on calcified aneurysms. 
(Reprinted with permission from Cooley DA: Repair of the calcified ventricular aneurysm. Ann 
Thorac Surg 49:489-490,1990.) 
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7 After the heart is exposed and cardiopulmonary bypass begun (as above), the 
aneurysm is mobilized to dissect it from any pericardial adhesions, which are often 
dense and which may fix the apex. Mobilizing the aneurysm improves left 
ventricular function by permitting torsion during contraction. With the apex of the 
heart elevated, a ventriculotomy is made with a scalpel and heavy scissors through 
the lateral wall, parallel to the interventricular groove. Once the aneurysm is 
opened, the transition zone between normal and scarred myocardium is examined 
and an area adjacent to the calcified area identified that can be used to secure the 
patch. As in the standard repair, an elliptical patch of woven Dacron fabric is cut 
to a size that will exclude the aneurysm and restore the internal circumference of 
the defect and, thus, the estimated normal diastolic volume of the ventricle. The 
patch is then secured with a continuous 2-0 or 3-0 monofilament polypropylene 
suture. (Reprinted with permission from Cooley DA: Repair of the calcified 
ventricular aneurysm. Ann Thorac Surg 49:489-490, 1990.) 
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8 When calcification at the edges of the defect is thick, the edges can be 
partially debrided to permit repair. (Reprinted with permission from 
Cooley DA: Repair of the calcified ventricular aneurysm. Ann Thorac 
Surg 49:489-490 , 1990.) 
9 As in the standard procedure, we do not 
reinforce the ventriculotomy closure with felt 
strips because the repair is not subject to 
intracavitary ventricular pressure. (Reprinted 
with permission from Cooley DA: Repair of 
the calcified ventricular aneurysm. Ann Tho- 
rac Surg 49:489-490,1990.) 
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10 In instances when the infarction has caused septal perforation, 
the intracavitary technique can be modified to include the septal defect. 
A standard ventriculotomy is made into the infarcted area of the free 
wall and, as above, the interior of the ventricle is examined to determine 
the appropriately sized patch needed to cover the effected area. 
However, in this instance, the patch is fashioned to include the septal 
defect. When a septal defect needs to be included in the repair, we 
generally use a bovine pericardial patch, which is more flexible than 
Dacron fabric and, thus, more effective for a more extensive repair. The 
patch is placed over the infarcted area of myocardium and under the 
ventriculotomy, and is sewn to a relatively normal area of myocardium. 
Even in this repair, we use a continuous suture. However, when the 
suture line is subject to intracavitary pressure, we reinforce it with 
pledgeted mattress sutures (or felt strips). Although the patch cannot 
contract, it does stabilize the healthy myocardium, which, in turn, 
enhances ventricular function. The ventriculotomy is then repaired with 
a continuous suture. Because the ventriculotomy is not subject to 
intracavitary pressure, it does not require reinforcement. (Reprinted 
with permission from Cooley DA: Repair of postinfarction ventricular 
septal defect. J Card Surg 9:427429,1994.) 
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COMMENTS 
Special Considerations 
In general, patients who undergo repair of LVAs have a 
postoperative course similar to other patients who 
undergo cardiac surgery. However, some patients, espe- 
cially those with severe heart failure or acute myocar- 
dial infarction, may require support with an intra- 
aortic balloon pump or a temporary left ventricular 
assist device after operation, until their heart failure 
improves or stabilizes. 
Risk factors for early death in these patients are 
similar to those for patients with ischemic heart disease 
and include congestive heart failure, left ventricular 
dysfunction, poor cardiac output, elevated left ventricu- 
lar end-diastolic pressure, impaired septa1 systolic func- 
tion, and arrhythmias. Patients with any of these risk 
factors should be monitored carefully. 
In many cases, arrhythmias actually improve after 
the endoaneurysmorrhaphy procedure. In addition, 
the incidence of developing arrhythmias postopera- 
tively is less in patients who have undergone endoaneu- 
rysmorrhaphy than in patients who have had linear 
repair of their aneurysms. Most likely, the arrhythmo- 
genic focus is removed or interrupted when sutures are 
placed in the aneurysmal border zone. Restoring more 
normal ventricular geometry reduces myocardial wall 
stress, which may also change the conduction pattern 
and, subsequently, decrease the incidence of arrhyth- 
mias. Occasionally, when arrhythmias are a primary 
indication for surgery, cryoablation, subendocardial 
resection, or encircling ventriculotomy should be consid- 
ered in addition to endoaneurysmorrhaphy, especially 
when the arrhythmogenic focus is in an area that may 
continue to cause life-threatening arrhythmias after 
surgery. Under any circumstance, patients who have 
undergone repair of LVA should be closely monitored 
by a cardiologist. 
Results 
Between March 1989 (when we began using this tech- 
nique) and March 1995, we performed intracavitary 
repair of ventricular aneurysms in 280 patients (mean 
age, 60.6 2 9.4 years; 226 men and 54 women). We 
recently compared data from those patients in this 
series without a history of acute myocardial infarction 
(within 30 days of operation) and previous cardiac 
surgery (Group I, n = 192) with data from those 
patients with a documented history of acute myocardial 
infarction and/or previous cardiac surgery (Group 11, 
n = 88).” We found that patients in both groups 
improved significantly after their aneurysms were re- 
paired, even though the early mortality rate was defi- 
nitely higher in Group I1 patients (25%) than in Group I 
patients (4.7%). 
Two main parameters of left ventricular function 
improved significantly: mean ejection fraction and New 
York Heart Association (NYHA) functional class. The 
mean ejection fraction increased in Group I from a 
preoperative value of 27.6% to 35.6% in the immediate 
postoperative period (P < .0001) and to 37.7% at 
long-term follow-up (mean, 27.2 months) (P < .0001). 
Patients in Group I1 showed similar increases in ejec- 
tion fraction: preoperative, 26.6%; immediate post- 
operative, 34.0% (P < .0001); and long-term follow- 
up, 38.3% (mean, 15.4 months) (P < .0001). The 
mean NYHA functional class improved from 3.3 to 
1.4 (P < .0001) for patients in Group I and from 3.6 
to 1.4 (P < . O O O l )  for patients in Group 11. 
Actuarial survival rates (including early deaths) were 
80.3% at 1 year, 77.6% at 2 years, 76.3% at 3 years, 
and 68% at 5 years. As expected, the overall survival 
rates were significantly higher when early deaths were 
excluded: 1 year, 91%; 3 years, 84.7%; and 5 years, 
79.6% (P < .01). Although the survival rate was higher 
in Group I patients who survived surgery, the differ- 
ence between Group I and Group I1 patients was not 
significant. 
Predictors of early mortality and survival were also 
determined for this group of patients. The predictors of 
early postoperative mortality were acute myocardial 
infarction (odds ratio: 6.9, P < . O O O l ) ,  previous car- 
diac surgery (odds ratio: 3.4, P < .0049), and ad- 
vanced age ( 1 7 0  years) (odds ratio: 3.4, P < .0002). 
Decreased long-term survival could be predicted by 
poor ejection fraction ((30%) (odds ratio: 2.3, 
P < .0066), NYHA functional class IV status (odds 
ratio: 2.2, P < .0049), and advanced age ( 2 7 0  years) 
(odds ratio: 2.5, P < .0004). 
Conclusions 
Our results with intracavitary repair of LVA indicate 
that this technique, which restores the natural left 
ventricular geometry, is associated with significant 
improvement in left ventricular function. Furthermore, 
despite increased early postoperative mortality in our 
high-risk patients, there is no significant difference in 
long-term survival among the survivors of surgery, 
whether patients are in the lower-risk or the high-risk 
group. 
Although the high-risk patients had an expectedly 
higher early mortality rate, many of these patients’ 
aneurysms would have been considered inoperable if 
the traditional linear repair was our only option. 
Included among our patients who underwent intracavi- 
tary repair were many with diffuse left ventricular 
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dilation and densely calcified lesions. In both high- and 
lower-risk patients, left ventricular function improved, 
as measured by ejection fraction and by NYHA func- 
tional class. 
Restoration of ventricular geometry has also been 
shown by others to improve both systolic and diastolic 
left ventricular function. 1 1 ~ 1 2  These reports also confirm 
our observation that the improved left ventricular 
function persists into the late postoperative period. In 
our study, a significant number of patients improved at 
least one NYHA functional class; most patients im- 
proved to NYHA class I or 11. Thus, not only did left 
ventricular function improve, but indicators of quality 
of life improved substantially as well. In another 
s t ~ d y , ’ ~  we compared linear and intracavitary repair 
and found that only 51% of patients who underwent 
linear repair improved after their operations, whereas 
76% of those patients who underwent intracavitary 
repair improved. Other investigators have noted simi- 
lar improvements in patients who undergo an “endoven- 
tricular type” of repair.14J5 
When ventricular geometry is restored, paradoxical 
contractile forces and end-diastolic volume both de- 
crease, which, along with increased perfusion from 
bypass grafting, could account for the improved left 
ventricular function seen in patients who undergo 
intracavitary repair. Based on our results, we believe 
that endoventricular types of repair yield the best 
results, even though others still perform linear repair of 
ventricular aneurysms. In addition, we believe that our 
technique of endoaneurysmorrhaphy or intracavitary 
repair seems the simplest and most effective of the 
endoventricular-type repair techniques. 
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